Many studies have assessed virtual reality exposures efficacy, but very few examined its treatment processes. The addition of objective measures of arousal and information processing mechanisms would be a valuable contribution in order to provide a more complete and detailed picture. The goal of this study was to better document the cognitive mechanisms associated with therapeutic change after an in virtuo exposure treatment. Twenty-eight adults suffering from arachnophobia were assessed and received an exposure-based treatment using virtual reality. General outcome and specific processes measures included a battery of standardized questionnaires, a pictorial emotional Stroop task, a Behavioral Avoidance Test, and a measure of participants' cardiac response while they looked at a live tarantula. The analyses showed that changes in perceived self-efficacy and dysfunctional beliefs were the best predictors of change in general outcome and cardiac response; change in dysfunctional beliefs were the best predictor of change in behavioral avoidance. These innovative results provide a very detailed and organized picture of the complex cognitive mechanisms involved in therapeutic change following in virtuo exposure for arachnophobia.
Introduction

U
NDERSTANDING TREATMENT MECHANISMS is an important endeavor. Many authors have attempted to identify and empirically support such mechanisms in the treatment of specific phobias. Three major explanations can be found in the literature: the information processing model, the perceived self-efficacy (PSE) model, and the cognitive/dysfunctional beliefs model. In the first model, information processing is considered a good predictor of the fear triggered by a phobic stimuli. The second model identifies PSE as the best predictor of one's performance on a Behavioral Avoidance Test (BAT). In the cognitive model, change in dysfunctional beliefs predicts therapeutic change in general. All three models can explain why virtual reality (VR) is effective in treating anxiety disorders, and they are contrasted in this work.
Information processing
Today, one of the most popular information processing models in the field of anxiety disorders, initially proposed by Lang, 1,2 is from Foa and colleagues. 3, 4 Foa and Kozak 3 hypothesized that an individual's fearful experiences are stored in his or her memory in an organized fashion. This organized information, or fear structure, becomes pathological when its cognitions and associations are erroneous (therefore triggering maladapted emotions and behaviors).
In order to change a pathological fear structure, therapy must induce "emotional processing," 3 which is a change in the way an individual perceives the feared object and its consequences. Exposure induces emotional processing by activating the fear structure (e.g., show a spider to a person suffering from a specific phobia of spiders) and by providing the person with experiences that disconfirm the erroneous associations (e.g., the spider does not behave aggressively). According to this model, clients who improve show a physiological activation and report fear during exposure, and their fear responses decrease over time. In other words, successful exposure causes information to be processed in a healthier way, which no longer triggers pathological fear.
Importantly, information processing is considered subconscious and very rapid, therefore automatic. When someone recognizes a stimulus and attributes a given significance to it, a response is automatically emitted. The modified Stroop task is a good example of this type of automatism. A variety of studies have demonstrated that cognitive-behavioral therapy can change that information processing bias. [5] [6] [7] Given that it is possible to activate the fear structure with minimal corresponding input, 4 in virtuo exposure, although not representing all aspects of feared stimuli, could nevertheless activate a phobic person's fear structures and offer a valid treatment option.
In order to test the predictive validity of the fear structure's indicators of emotional processing on treatment outcome, Kozak, Foa, and Steketee 8 treated 14 people suffering from obsessive-compulsive disorder with in vivo and in imago exposure and found that activation of fear (measured by self-report and cardiac and electrodermal responses) predicted successful outcome following treatment. Intersession habituation in heart rate and self-report scores also predicted successful outcome. Similar results were obtained by Schwartz and Kaloupek 9 with cardiac response.
Emotional processing is beginning to be tested with in virtuo exposure. Mühlberger et al. 10 reported significant fear activation and decreased physiological measures of fear (heart rate and skin conductance) in 15 flight phobics both within and across sessions. Similarly, Wiederhold et al. 11 reported significant fear activation and a subsequent trend toward nonphobic physiological response across treatment (skin resistance, heart rate, and skin temperature) with flight phobics. Finally, Wilhelm et al. 12 reported significantly more skin conductance levels in high-anxiety clients suffering from acrophobia when they were exposed to a fear-inducing VR environment. However, their heart rate and other physiological measures remained low, suggesting that some elements of the fear structure (the behavioral activation system) might have not been activated.
Perceived self-efficacy
According to Williams's empirical studies, 13 the intensity of fear shares only little correlation with the onset or disappearance of phobias. It is rather a part of the phobia itself, and not one of its cognitive mechanisms. According to the self-efficacy theory, phobic behaviors are largely derived from self-evaluative cognitive processes or low PSE. That concept is defined as a group of beliefs about one's capacity to control some behaviors and skills and one's own cognitive and emotional reactions. 14 For the tenets of this model, a decrease in fear and an increase in coping skills are not directly and causally linked; both result from an increase in PSE, which acts as a mediator. As Bandura 15 stated, change is mediated through cognitive processes, but it is induced and altered by experiences of mastery. According to this model, PSE strongly predicts phobic behaviors.
Many studies support the strong predictive value of PSE measures for phobic patients' behaviors. For example, Williams, Kinney, and Falbo 16 treated 27 people suffering from severe agoraphobia with a treatment based on performance (exposure). Their analyses showed that participants' PSE was a better predictor of behavior when factors such as previous behavior, anticipatory anxiety, perceived danger, and subjective anxiety were maintained constant. However, when these factors were analyzed as predictors of behavior while maintaining the self-efficacy factor constant, they lost most, if not all, of their predictive power. Other studies obtained similar results. 17 Indeed, Williams's review 13 reports 17 studies with diverse phobic conditions and various exposure treatments (vicarious, imaginal, or performance based). They show a strong correspondence between participants' level of PSE and their level of actual functioning (before and after treatment, correlations between self-efficacy and behavior range between 0.90 and 0.50, with a median of 0.75).
Beliefs
One concept in cognitive-behavioral therapy is that change in dysfunctional threat-related beliefs is key for therapeutic success. 18 In the belief model, therapeutic change is predicted by any improvement in beliefs. Here, PSE and beliefs about fear-provoking stimuli are merged into one concept: threatrelated beliefs. Thorpe and Salkovskis 6 assigned 25 participants suffering from a fear of spiders to two treatment conditions: a one-session in vivo exposure treatment and a waiting list (those participants were treated after their waiting period). Results showed that the modification of threatrelated beliefs (self-report) is strongly related to a change in the response to phobic stimuli. Indeed, a change in outcome measures was correlated with a change in beliefs (correlations ranged from 0.48 to 0.57). Therefore, change in beliefs is conceptualized here as an important component in treatment efficacy.
The above three models suggest three general hypotheses. First, general improvement (as measured by the Fear of Spiders Questionnaire) will be significantly predicted by changes in process variables such as PSE, beliefs, and the emotional Stroop task (first hypothesis). No prediction is made on the relative contribution of all three predicting variables. The second hypothesis is that improvements in behavioral avoidance (as measured with scores on the avoidance test) will be significantly predicted by changes in process variables such as PSE, beliefs, and the emotional Stroop task. Furthermore, based on data by Williams, 13 a subhypothesis stipulates that changes in PSE will better predict changes in avoidance behavior during the behavioral avoidance test than will changes on the emotional Stroop task or changes in beliefs. The third hypothesis is that improvement in the fear response (as measured by interbeat intervals in the cardiac response) will be significantly predicted by changes in process variables such as PSE, beliefs, and the emotional Stroop task. Based on Foa and Kozak's model, 3 a subhypothesis stipulates that changes in information processing (as measured by the emotional Stroop task) will better predict changes in the fear response than will PSE or changes in beliefs.
Methods
Sample
The sample consisted of 28 French-speaking participants diagnosed with arachnophobia (a ratio of almost 10 participants per predictor variable). It consisted mostly of women (27 of 28 participants). Participants were 21 to 53 years old (mean of 34, SD ϭ 10.3). They were the same as in a previous study by Côté and Bouchard. 19 They had to be adults (18 years or older) and had to suffer from a principal diagnostic of arachnophobia according to DSM-IV-TR criteria in order to participate. People suffering from a comorbid disorder (e.g., major depression, psychotic disorders, nonphobic anxiety disorders) that required immediate treatment, people suffering from a psychotic disorder or from substance abuse, and people taking anxiolytic medication (e.g., benzo-
CÔTÉ AND BOUCHARD 122
diazepines) were excluded and redirected toward more adequate services. Accordingly, two participants were excluded from the study because they suffered from important comorbid disorders that required treatment.
Procedure
Assessment and treatment were done by a graduate student (S.C.) who had a previous training in cognitive-behavioral therapy and in virtual therapy. Before treatment (session 1), participants went through a semistructured evaluation to confirm the presence of arachnophobia and the absence of comorbid disorders. At pretest and posttest (sessions 1 and 7), they were administered outcome measures (questionnaires), they performed a behavioral avoidance test while their cardiac response was monitored, and they did an emotional pictorial Stroop task. During the second session, the rationale for the treatment of specific phobias was explained to participants. They were also familiarized with the VR equipment and could practice the required navigation skills in a neutral virtual environment with no spider-related stimuli. During sessions 3 to 7, participants gradually exposed themselves to spiders in the virtual environments (in virtuo exposure). During the last session (7), the therapist discussed relapse prevention and self-directed in vivo exposure at home. For a discussion about the advantages and inconveniences of using in virtuo exposure compared to in vivo, see Bouchard, Côté, and Richard. 20 
Instruments
The first task was to administer the Structured Clinical Interview for DSM-IV 21 to make sure the inclusion and exclusion criteria were respected. In the cyberpsychology lab, the kappa for specific phobias is at 0.90 between two interviewers and, in addition, all diagnoses were based on a clinical consensus between the two authors: the therapist and an independent clinician.
Outcome measures. At pretreatment and posttreatment, participants completed various self-reports. Most of them were translated in French and validated prior to the study. The Fear of Spiders Questionnaire (FSQ) 22 measures the severity of the fear of spiders and of the avoidance behaviors on a Likert scale. Its test-retest reliability (calculated over 1 month) ranged between 0.63 and 0.97. 22 Its internal consistency is 0.92, as calculated with Cronbach's alpha. For the BAT, a live tarantula (Grammostola rosea, 14 cm long) was put in a closed transparent box on a motorized platform placed on a table 173 cm away from the participant and completely hidden under a cardboard box. Performance on the BAT was assessed on a 0 to 10 scale by scoring the last step participants could complete when asked to go through as many steps as they could (until their anxiety became too strong). The 10 steps were described in Côté and Bouchard. 19 The instructions describing these steps were given to participants before they began the BAT. The participants' cardiac response was assessed during the pretreatment and posttreatment BATs. Heart rate was measured with three electrodes placed on the participants' forearms (see Côté and Bouchard 19 for a description of the equipment and procedure). Baseline physiological data was recorded before the participant started the BAT, and the fear response was measured when he or she began the BAT (e.g., looking at the live tarantula for 1 minute when it was 173 cm away from the participant). To control for daily and between-participants variations (law of initial values), an autonomic lability score was calculated using Lacey and Lacey's formula, 23 according to which the fear response was adjusted for the baseline data.
Information processing. To document the difference in information processing between pretest and posttest, participants were subjected to a nonlexical emotional Stroop task. Participants were presented a pad with four colored buttons. They were told they would see a series of color-filtered pictures and that their task was to push the button of the corresponding color as quickly as possible (see Côté and Bouchard 19 for equipment and procedure).
Self-efficacy. The Perceived Self-Efficacy towards Spiders Questionnaire 19 was designed for this study. It consists of 14 items rated on a scale of 0 to 100 about participants' PSE in confronting various situations in which a spider could be present (e.g., going in a basement that is not renovated) or their PSE in undertaking certain actions involving a spider and/or staying in control while doing so (e.g., picking up a live spider in a sealed jar with one's hands). The questionnaire has an internal consistency of 0.92, as calculated with Cronbach's alpha. The corrected item-total correlations are between 0.60 and 0.80.The questionnaire has good convergent validity, showing a Ϫ0.82 correlation with the FSQ and a Ϫ0.77 correlation with the Spider Beliefs Questionnaire (SBQ-B) (both p Ͻ 0.01).
Beliefs. The SBQ-B 24 is divided in two subscales, but only Beliefs towards spiders was used for this study's statistical analyses. It has a Cronbach's alpha of 0.94 for both subscales and a 2-month test-retest reliability of 0.68 (p Ͻ 0.001) for the Beliefs towards spiders subscale. 24 
Treatment
Equipment. The VR environments were displayed using a computer working with Windows 2000 (Pentium III, 4.2 GHz, 1 GB of RAM, with an nVidia GeForce4 Ti 4200, 128 MB), an Intertrax2 motion tracker from Intersense (USB model, 3dof, update rate 256 Hz), an I-Glass SVGA headmounted display by IO-Display (800 ϫ 600, 26°FoV diagonal), and a Gyration wireless mouse. The VR environments were created using a 3D game editor (see www.uqo.ca/cyberpsy for demos).
The VR environments were two apartments, each having many rooms, and presented three levels of difficulty. The first level consisted of some framed pictures of spiders on the walls and a few live spiders, which were small and generally stood still. In the second level, spider sizes ranged from 15 virtual centimeters to 2 virtual feet. Spiders made more unexpected moves, but generally away from or around the participant. In the third level, spiders came in all sizes and were numerous, generally moving toward the participant, some in an aggressive manner (e.g., moved quickly toward the participant's feet when the participant entered a room). In levels two and three, participants could pick up a magazine and kill the spiders by hitting them.
Exposure. Therapy itself was conducted in French and made up of five standardized, individual, weekly 1-hour sessions. Using a predetermined hierarchy, participants gradually approached virtual spiders until their anxiety decreased. A 5-minute pause was given in the middle of each session to reduce the risks of cybersickness. Participants were asked to act as normally as possible at home in order to prevent intentional in vivo exposure between sessions, which would have tainted the results. However, they were not told to actively avoid spiders at home. During the exposure sessions, a subjective measure was administered verbally by the therapist to measure anxiety. Every 5 minutes, she asked participants to rate their anxiety on a scale of 0 to 100 and recorded their answers in order to monitor fear during exposure. Its sole purpose was to adjust exposure within the preestablished hierarchy.
Statistical analyses
Although it is tempting to study change by creating change scores (e.g., using posttreatment scores minus pretreatment scores), this approach is notoriously flawed. As suggested in basic textbooks on regressions, this study's statistical approach involved residualized change scores (also called regression-adjusted scores or partialling out results from pretreatment to those of posttreatment) in order to document change in the predicted variables. According to Cohen and Cohen, 25(p 427) residualized change scores, which have the advantage of being uncorrelated with the pretreatment scores, are obtained by including the pretreatment scores among the set of predictors of the posttreatment scores. Age and pretreatment scores from both the predictor and predicted variables were thus entered first as a set in the hierarchical regressions, followed by the posttreatment scores of the predictors entered as a second set, in order to predict posttreatment scores of the predicted variable.
Analyses were performed to confirm that hierarchical regression assumptions were met. A close examination of the raw data revealed that all variables were normally distributed. No problem of multicollinearity was found, as analyses revealed that all tolerance indices were above 0.10 and all variance inflation factor (VIF) indices were below 10. The linearity, normality, and homoscedasticity of the residuals were confirmed with the scatterplots of the residuals. Standardized residuals indices did not exceed 1.96, and both Mahalanobis distance (for leverage) and Cook's distance (for influence) indices were adequate and less than 1.
Unfortunately, technical problems with the CardioPro software made analyses impossible on one participant. Analyses using the cardiac response data were therefore per- 19 The latter were erroneous due to minor data-entering mistakes.
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*p Ͻ 0.05; **p Ͻ 0.001; ***p Ͻ 0.0001. formed on 27 participants. One outlier participant had to be removed from some analyses on the basis of her unexpectedly low score on the FSQ (she answered 0 on all items). Her score was incongruent with her very high scores on all other arachnophobia measures, suggesting that she had misinterpreted the response scale.
Results
Sample description
Internal consistency analyses were made on the self-report outcome measures used in this study. Participants' scores generated Cronbach's alpha of 0.89 on the FSQ, of 95 on the Beliefs scale of the SBQ-B, and of 0.87 on the Perceived SelfEfficacy towards Spiders Questionnaire. All results show that the outcome measures were reliable.
All changes on outcome measures between pretest and posttest on the emotional Stroop task (threat interference) and on the cardiac response (corrected with the law of initial values) were significant, as shown in Table 1 . These results are presented and discussed in more detail in a related paper. 19 First hypothesis: General improvement will be significantly predicted by changes in process variables. This hypothesis was tested with a hierarchical multiple regression with age and pretreatment scores being included in a first block or set of variables and posttreatment scores being included in the second block or set of variables (i.e., the residualized change scores), all predicting posttreatment scores on the FSQ. Predictor (process) variables were PSE, information processing (Stroop), and the Beliefs scale of the SBQ-B.
The inclusion of the second set of variables (posttreatment scores) in the regression analysis produced a significant increase in explained variance, R 2 change ϭ 0.48, F(3, 18) ϭ 8.52, p Ͻ 0.001, leading to a significant final regression model explaining 66% of variance (adjusted R 2 ϭ 0.52). Results on the relative contribution of each predictor used in this model are presented in Table 2 , which shows that changes in selfefficacy (residualized change score) were the strongest predictor of general improvement; all other predictors were nonsignificant.
Second hypothesis: Improvement in behavioral avoidance will be significantly predicted by changes in process variables. To test this hypothesis, the same procedure was followed for the performance on the BAT. When introducing the second set of variables (posttreatment scores) in the regression analysis, the model explained a significant increase in variance, R 2 change ϭ 0.28, F(3, 19) ϭ 5.35, p Ͻ 0.01, with the final regression model explaining 67% of variance (adjusted R 2 ϭ 0.53). As can be seen from Table 3 , changes in dysfunctional beliefs (residualized change score) were the only significant predictor of increased performance on the BAT.
Given the lack of predicting power of changes in self-efficacy on improvement on the BAT, further multiple linear regressions were conducted independently on pretreatment and posttreatment scores (see Table 4 ). Pretreatment scores of PSE were the only significant predictor of pretreatment performance on the BAT, while no significant predictor was found for the posttreatment performance on the BAT.
Third hypothesis: Improvement in the fear response will be significantly predicted by changes in process variables. This hypothesis was tested with the same hierarchical procedure as the other two. The introduction of the posttreatment scores in the regression led to a significant increase in variance, R 2 change ϭ 0.36, F(3, 18) ϭ 4.16, p Ͻ 0.02. The final regression model explained 48% of the variance (adjusted R 2 ϭ 0.24). As can be seen from Table 5 , change in dysfunctional beliefs (residualized change score), change in PSE (residualized change score), and age were significant predictors of change in cardiac response, as calculated with interbeat intervals. Further hierarchical regressions testing the impact of self-efficacy and beliefs' respective order of entry in the model were attempted, but each predictor was found to add, independently, a significant amount of variance to the regression model. Therefore, no predictor was found to have a significantly greater predictive power than the others.
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Discussion
The aim of this study was to examine the treatment mechanisms involved during in virtuo exposure. Since Côté and Bouchard 19 had already confirmed significant pretreatment to posttreatment changes on all outcome and process measures, the analyses in this paper focused exclusively on predictors of change. Also, given that the outcome measures in this study did not rely on the clinical interview but on questionnaires and objective measures, controlling for experimenter's bias with an independent blind assessment was deemed unnecessary. Three of the proposed five hypotheses were confirmed; it was possible to predict a significant and large amount of variance in general outcome, behavioral avoidance, and cardiac response. Regression analyses revealed that increase in PSE was a significant predictor of improvement in general outcome. The only significant predictor for a better performance on the BAT was change in dysfunctional beliefs toward spiders. In this regard, our first subhypothesis (changes in PSE will better predict changes in avoidance behavior during the BAT than will changes on the emotional Stroop task or changes in beliefs) was not supported. PSE significantly predicted the performance on the BAT at pretreatment, but change in PSE did not predict change in behavioral performance on the BAT. Finally, change in PSE and change in beliefs were found to be significant predictors for change in the cardiac response, which supports our third hypothesis. However, change in information processing was not found to be the best predictor of improvement on the cardiac response when participants were confronted with a live tarantula. Therefore, our second subhypothesis (changes in information processing will better predict changes in the fear response than will PSE or changes in beliefs) was not supported.
It is very important to note, however, that those results nuance rather than discredit the theoretical models presented in the introduction. They illustrate how these models apply to different elements of the cognitive mechanisms of change. Indeed, the need for a multifaceted explanation of therapeutic change for fear reduction was already expressed by Rachman. 26 He proposed that the need for more than one process in the explanation of fear reduction derives from the variations in fear acquisition and the nature of fear itself. The subjective, physiological, and behavioral components of fear are loosely coupled, can change desynchronously, and may be differentially susceptible to different elements of the therapy. 26 
Perceived self-efficacy versus beliefs
This study's results can be explained in many ways, and they illustrate the importance of looking at therapeutic outcome in more detail. Indeed, depending on the outcome variables, the predictive power of PSE and beliefs are different. In this study, changes in beliefs were found to be a better predictor of change in performance on the BAT over the course of therapy. However, initial PSE was found to be a better predictor of the actual performance on the BAT at pretreatment. Therefore, high PSE was associated with a better performance on the BAT at pretreatment, which is congruent with Bandura's model 14 and Williams's model. 13 However, therapeutic change was better explained by change of irrational beliefs about spiders.
Accordingly, an integrated conceptualization would state that PSE is influenced collaterally by a change in beliefs. Whether the latter acts as a mediator or a moderator variable would need to be defined in a study using a much larger sample (e.g., 300 or 400 participants). Nevertheless, that distinction is interesting because it would have an impact on the main goal of treatment. If change in beliefs is required as a first step to foster change in PSE, participants would get better because spiders are less threatening to them; in turn, they would perceive themselves as more able to face them. Consequently, focusing therapy on self-efficacy without challenging beliefs may bypass an important element of the pathology, which in turn may even influence the likelihood of relapse.
The current study clearly showed that PSE and beliefs each played important and distinct roles during in virtuo exposure. Interestingly, Wiederhold, Gervirtz and Spira 27 found that adding physiological feedback during treatment to 30 participants suffering from a fear of flying increased their likelihood to complete the BAT after treatment. Eighty percent of participants in the condition without physiological feedback completed the BAT, but the completion rate reached 100% when feedback was added during exposure. The authors also observed a superior within-session fear decrease, as reported by participants during the first half of exposure with feedback. This group also showed a superior between-sessions habituation. These results are also consistent with those of in vivo exposure and claustrophobia 28 and highlight the importance of self-efficacy. 
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Behavior versus fear
According to the results of this study, relying on behavioral performance as a sole indicator of treatment success might be misleading. Indeed, clients could display a functional behavior in the presence of spiders but still perceive them as a threat.
What should be the therapeutic goals in exposure treatments for arachnophobia? Should they teach functional behaviors and foster feelings of competence and control? Or should treatment also focus on decreasing actual fear and irrational beliefs about spiders (which would directly target diagnostic criterion A and B of specific phobia) even after a higher level of functioning has been achieved? Which goal is sufficient for lasting therapeutic improvement? Which is necessary? These questions remain to be explored in further studies, along with their possible impact on relapse. As previously mentioned, avoidance behavior and fear are two distinct variables that should not be conceptualized as equivalent when evaluating phobia symptoms or therapeutic improvement.
Fear structure
Although there was a significant decrease in behavioral avoidance for participants, and 61% of them completed the last two steps of the BAT, many were unable to go through the whole task after treatment. Since a tarantula was used rather than a more common spider, it might have been too intense and too different from everyday situations to provide a fair estimate of their improvement (even though other studies used a live tarantula as an in vivo fear-provoking stimuli). 29, 30 It may also be that some elements of the fear reaction remained untreated because of the virtual nature of the treatment. For example, the in virtuo treatment did not have a tactile dimension, and only 3-dof tracking devices were used (i.e., moving toward or away from the spider does not involve actual physical motion). It can be hypothesized that many but not all elements of the participants' fear structure were activated during therapy (e.g., touching or killing a spider). Therefore, some pathological elements might have been left untouched by therapy and explain the lack of correlation with the predictors. It might also explain the information processing data's failure to predict change in cardiac response.
It is also possible that the posttest assessment was conducted so early after treatment that emotional processing was not complete or that generalization had not deployed to its full extent. Changes in PSE and in beliefs might happen sooner during treatment compared to changes in the fear structure. Indeed, it was clinically observed that most patients felt more competent during the very first exposure session. They also reported a faster reduction in fear when facing a spider, followed later in therapy by a smaller reaction when facing the same stimuli.
Interesting nuances on the emotional processing original model were brought forth by Bouton 31 and by Bouton and Swartzentruber. 32 These authors suggest that a decrease in fear does not necessarily imply the weakening of the pathological associations (in the fear structure) but involves instead the apparition of new associations. According to the authors, treatment creates new associations, then inhibits the access to the previous pathological associations and facilitates access to nonpathological fear structures. This transition is not well understood but implies that previous and new fear structures could act in a somewhat rivaling manner for a while. This conceptualization of the emotional processing model may also explain why, when in a stressful or fatigued state, previously phobic people could be the victims of old automatisms. Instead of using the new fear structure, they would rely on the previous pathological fear structures (which might also lead to relapse).
This may also support the observations that were made in this study about the variations of subjective anxiety reports during treatment. Although participants had developed more adaptive fear structures (as confirmed by all outcome and treatment mechanism measures), their previous fear structures might still have been activated when they were confronted with a tarantula early after treatment. This activation was lower at posttreatment (as demonstrated on the emotional Stroop task) but was still present enough, in some cases, to impair the full completion of the avoidance task. In the same way, it could very well illustrate how, due to an asynchrony between the different components of anxiety, 33 changes in some elements in the fear structure were not varying in harmony with each other in the current study. Unfortunately, this model, although representing a strong theoretical interest, is difficult to test clinically. Indeed, no study has yet attempted to compare the two emotional processing theories with clinical cases.
Strengths and limitations
On an interesting note for further outcome studies, it is important to remember that correlations between questionnaires, BAT, heart rate, and information processing indices were low. 19 These results underline the importance of measuring anxiety on a number of levels instead of relying on questionnaires solely. This recommendation highlights the phenomena of asynchrony between different components of anxiety [33] [34] [35] and the importance of assessing more than subjective responses. Therefore, the use of objective and subjective measures in this study is a methodological strength; the greater variety of gathered information allowed the study of a more complete array of cognitive mechanisms.
Although cardiac response is a good indicator for anxiety, the use of more than one physiological measure, such as skin conductance, blood pressure, and respiratory rates, would have been interesting and might have painted a more complete picture. Unfortunately, respiratory data recorded during this study could not be analyzed due to software limitations.
Furthermore, the design of this study did not isolate the specific mechanisms of in virtuo exposure from those related to general exposure or to other therapeutic ingredients. To achieve this level of precision, a minimum of three experimental conditions would be required: a waiting list, an in vivo group and an in virtuo group. Although quite interesting, such a study would require a very large sample size. Finally, it would be interesting to look at other variables that may play a role in treatment mechanisms, such as therapeutic alliance or clients' characteristics at pretreatment. For example, the predictive value of initial cardiac response during the BAT before treatment has been demonstrated on treatment outcome by Lang et al. 36 
Conclusion
Because VR is a new research area, many elements are still missing in our understanding of its treatment mechanisms. There is need for a reference model explaining how in virtuo exposure acts on phobia symptoms. Until now, no such model has been tested about this form of treatment; research has mostly focused on efficacy demonstrations or on VR's side effects. Nevertheless, according to this study's results, when clinicians use in virtuo exposure, they should bear in mind that increasing self-efficacy and challenging dysfunctional beliefs are essential, even if the stimuli are virtual in nature.
